INTRODUCTION
The subject of sound propagation in a rigid cylindrical tube has a long history. Following the work of Stokes,'
Helmholtz, 2 and others on the effect of viscosity on sound propagation in tubes, Kirchhofi • included the effects of both viscosity and heat conduction on acoustic propagation through a rigid cylindrical tube. He assumed that the oscillatory flow is laminar, the particle displacement is sufficiently small that all nonlinear terms in the equations of motion can be neglected, and the inner tube wall is isothermal.
Many applications in acoustics require calculation of the oscillatory pressure/flow relationships within a cylindrical tube. Thus it is helpful to find accurate aproximations to Kirchhoff's exact solution which can be computed easily. Rayleigh 4 was one of the first to obtain useful approxima- Table I. It is convenient to express the transmission line properties in terms of a characteristic impedance and propagation wavenumber. The characteristic impedanee Zc of the transmission linc is defined to be the input impedance looking into a infinite length of cylindrical tubing and is Zc = (Z/Y) m.
The propagation wavenumber F of the transmission line is defined to bc the phase change per unit length at an arbitrary These figures show that the approximations agree to within 1% with the exact results except in the region 1 < r• < 5 where Some discrepancies exist--the maximum error in Re ( Z ½ ) is 3 % , in lm ( Zc ) is 10 % , in a is 6 %, and in v p is 2%. Figures 1-4 imply that the value rv ----2 is a good value to use for the transition betweeen the small and large-r approximations.
II. NONISOTHERMAL INNER TUBE WALL
The pressure/flow characteristics of a thermoviscous gas in a rigid tube has been discussed under the condition that the inner tube wall remains isothermal during the oscillatory cycle. This is never the case, since a local heating of the gas transfers heat to the tube wall. Since any tube has a finite capacity to carry away the heat, there is a local rise in temperature at the tube wall. Intuitively, this decreases the thermal gradients in the boundary layer of the gas, and thus the heat losses are somewhat reduced compared to the idealized 
